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ABSTRACT 
There is a growing need of integrating ecosystem services into management strate-
gies of protected areas. The objective of this study was to develop a framework 
for assessment of the effects of integrated land-use/cover management on the pro-
vision of ecosystem services in a protected area. The framework was tested in 
Prespa Park, a watershed with fragile environments. Within this framework, first 
to provide ecosystem services was used a modified approach compared to the Mil-
lennium Ecosystem Assessment. Then was employed a “benefit transfer” and “ex-
pert-based assessment” approach to assess contribution of the land cover classes in 
case study region to the provision of ecosystem services. In a subsequent step, the 
services were combined to ecosystem services groups that were designed together 
with regional stakeholders, considering their ideas, concerns and experiences in 
regional decision making. The latter was analyzed in a weighting experiment, in 
which different weighting approaches were tested. For the case study, were identi-
fied 16 CORINE land cover classes, 13 ecosystem services and related ecosystem 
services indicators. Based upon this, was analyzed the performance of the case 
study region to provide ecosystem services. It was concluded that land-use/cover 
management was found to affect ecosystem services directly. Results showed that 
the different data gathering methods: “benefit transfer” and “expert-based assess-
ment” have a considerable impact on the evaluation outcomes, and that the combi-
nation of selected services and land cover data can contribute to regional planning 
by communicating the effect of land cover change on ecosystem services groups. 
Finally, the results revealed that the proposed framework can be used to determine 
qualitative estimation of regional potentials to provide ecosystem services as a 
prerequisite to support regional development planning.
Key words: Multi-criteria assessment, benefit transfer method, expert-based as-
sessment, stakeholder weighting, ecosystem services, landscape planning
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INTRODUCTION
Ecosystems provide various goods and services to society, which in turn directly 
contribute to our well-being and economic wealth (CoStanZa, 2000; de Groot et 
al., 2010; FarBer et al., 2002). As a consequence of global increase of economic 
and societal prosperity, ecosystems and natural resources have been substantially 
exploited, degraded, and destroyed in the last century (MA, 2005). To prevent 
further abatement of the quality of ecosystems, the ecosystem services concept has 
become a central issue in conservation planning and environmental impact assess-
ment (Burkhard et al., 2010; FiSher and turner, 2008).
Land management is an important factor that affects ecosystem services provi-
sion. Land cover and land use changes (LCC/LUC) can significantly improve or 
degrade the provision of ecosystem services (Foley et al., 2005; ma, 2005). The 
basic problem is the quantification of ecosystem services in required detail, as their 
provision varies considerably as a function of land cover/land use and site conditions 
such as climate, soil, topography, neighborhood effects, land management practices, 
and time (daily and matSon, 2008; meerSmanS et al., 2008; de Groot et al., 2010; 
GraZhdani, 2014a, b). 
Existing methods of ecosystem services assessment often draw attention to 
(model-based) up-scaling of monitoring data that has been assessed at the level of 
the management planning unit (forest stand/field), that of an economic entity (for-
est district/farm), or at a catchment scale to become linked to an ecosystem service 
(BalVanera et al., 2005; dale and PolaSky, 2007; Sandhu et al., 2008; Pert et al., 
2010; PoSthumuS et al., 2010). Here, literature and expert-driven approaches for 
bundling knowledge on the provision of ecosystem services on the landscape scale 
might be a solution (BolliGer and kienaSt, 2010; eiGenBrod et al., 2010). 
Consistent and comprehensive frameworks that link human society and economy 
to biophysical entities, and include impacts of policy decisions, have been developed 
during the last decades. In this study, for the analysis of ecosystem services such a 
framework was developed in the context of the Millennium Ecosystem Assessment 
(MA, 2005), which was itself based on DPSIR (Driver, Pressure, State, Impact Re-
sponse) framework. It was adapted the frameworks by TEEB (2010), and haineS-
younG and PotSChin (2010) for indicator selection. These frameworks are among 
the most recent and comprehensive ecosystem services assessment frameworks. 
In this paper is presented a multi-criteria assessment framework for the qualita-
tive estimation of regional potentials to provide ecosystem services as a prerequisite 
to support regional development planning. In this study, the first step was to apply a 
modified set of ecosystem services compared to the definitions and terms used in the 
Millennium Ecosystem Assessment (MA, 2005) and the most recent study on The 
Economics of Ecosystems and Biodiversity (TEEB, 2010). In comparison to the MA 
and the TEEB study, the set of ecosystem services was adapted in a participatory 
process to the concrete needs of the regional planning actors in the Lakes Prespa 
region. So, to develop an applicable framework, were taken first a set of eleven eco-
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system services from the MA (2005) approach to which were added two economy-
related services that were proposed by regional actors in the case study region. The 
resulting thirteen ecosystem services were assessed through (a) a benefit transfer 
approach, and (b) a qualitative assessment based on expert interviews.
MATERIAL AND METHODS
Case study Lakes Prespa region
The framework for assessment of the effects of integrated land-use/cover manage-
ment on the provision of ecosystem services was applied in a protected area of 
Prespa Park, officially inaugurated in February 2000, and is located at the border 
triangle with Albania, Greece and Macedonia (Fig. 1). The Prespa Park comprises 
both terrestrial and aquatic components and its boundaries. 
The territory of the Lakes Prespa Park includes on the terrestrial part agricul-
tural lands, dedicated for the production of field crops, vineyards and orchards, 
forests, pastures and meadows, settlements, roads, rocky and otherwise unproduc-
tive areas, and the entire aquatic component of the two Prespa Lakes.
In the case of Lakes Prespa, relevant CORINE land cover classes were selected 
from the whole set of 44 classes in a first step. This means, only land cover types 
occurring in the chosen case study area were considered. In a second step, the 
list of 23 ecosystem services was checked for relevance in the particular study. 
For simplification and because of their small share, were regrouped some classes, 
which resulted in a final set of 16 classes.
Figure 1. Lakes Prespa Park region.
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Ecosystem services and indicator selection in Lakes Prespa area
At the beginning of this study were identified together with regional actors from 
land use, regional planning and regional management a set of six ecosystem services 
groups to be considered within the study. It was achieved consensus with the stake-
holders to consider supporting services (ecological integrity), cultural services (aes-
thetic value), provisioning services (provision of fresh water and air, defined in the 
case study as contribution to human health and well-being; bio-resource provision 
including timber, food, and fibres), and regulating services (formulated as mitigation 
of climate change impact). In the discussion process with regional working groups 
and with actors participating in the creation of regional development plans, was 
recognized the need to incorporate economic aspects of land use. Regional economy 
was introduced to account for the (measurable and marketable) economic outputs 
that land use (mainly agriculture and forestry) can generate.
In order to assess the ecosystem services groups at the top were selected first 
suitable ecosystem services from literature (Burkhard et al., 2009; de Groot et al., 
2010; MA, 2005). This set comprises (1) provision of food and fodder, (2) provision 
of wood/timber, (3) clean air provision, (4) local climate regulation, (5) global climate 
regulation, (6) water balance regulation, (7) clean water provision, (8) soil erosion pro-
tection, (9) recreation and ecotourism, (10) aesthetic value, and (11) biodiversity. With 
respect to the ecosystem services group regional economy, were added two services 
that were called (12) income/returns from land-based production and (13) contribution 
to the overall added value (Table 1). The above described ecosystem and economic 
services were in a second step validated by regional actors. In a third step, was come 
to a consensus on the final set of ecosystem services to be bundled into our ecosystem 
service groups (Table 1). To operationalize the framework, it is important to select 
indicators that provide accurate information on all main aspects of ecosystem services 
provision. From these investigations and through discussion within the research group 




In a first step, was used a benefit transfer method (Plummer, 2009; troy and  Wil-
Son, 2006), which can be described as an up-scaling of data assessed on smaller 
spatial units to larger areas that are assumed to be homogenous. This included a met 
analysis of primary studies and look-up tables to provide the indicator values. For 
this reason, first the study was focused on data from regional investigations and tried 
to select studies that provide values for different land uses. In most cases values were 
available only for the main land cover classes such as arable land, forest, and grass-
land/pasture. Therefore, were estimated lacking values for other land cover types on 
the basis of these values (semi-quantitative assessment). Finally, were standardized 
the values obtained from literature to a relative scale (0–100 value points).
Expert-based assessment
The services (9) recreation and ecotourism, (10) aesthetic, and (13) contribution to 
the overall added value were assessed by expert based opinion. Here, were asked 
experts to assign values ranging from 0 (no relevant contribution) to 100 (maxi-
mum possible contribution) in a scoring exercise with 10 point steps to all land cover 
classes. In addition to an assessment table which translated the evaluation categories 
into verbal meanings, the experts were provided with a short description of ecosys-
tem services and indicators to increase consistency with the benefit transfer results. 
The 8 experts in this exercise were 2 physical geographers, 3 forestry scientists and 
3 environmental engineers. According to the number of land cover classes (16) and 
services (13), the assessment matrix offered 208 fields the experts had to fill in. Were 
used again standardized mean values to have a data matrix that can be compared 
with the one obtained from the benefit transfer assessment.
Multi-criteria aggregation framework
Bundling of ecosystem services to groups
Finally, was applied a MCA (Belton and SteWart, 2002) to aggregate the single 
services to the six ecosystem services groups. The ecosystem services groups were 
assessed by integrating the following services: a) Ecological integrity: Water (bal-
ance) regulation (6), clean water provision (7), biodiversity (11); b) Aesthetic value: 
Recreation and ecotourism (9), aesthetic value(10); c) Human health and well-be-
ing: Clean air provision (3), clean water provision (7), recreation and ecotourism (9); 
d) Mitigation of climate change impact: Local (4), and global climate regulation (5), 
water (balance) regulation (6), soil erosion protection (8); e) Bio-resource provision: 
Food and fodder (1), and wood/timber provision (2); f) Regional economy: Income/
returns from land-based production (12), contribution to overall value added (13).
Weighting methods
The use of hierarchical multi-criteria techniques requires the implicit or explicit ap-
plication of weights. Were applied explicit weights as the importance of the various 
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ecosystem services might differ with respect to the context, the included stake-
holders, and the investigated region. Therefore, was used (i) pairwise comparison 
of services as described in the Analytical Hierarchy Process (AHP) (Saaty, 1977), 
(ii) Likert categories, and (iii) equal weights of our ecosystem services/economic 
services. The aim was to obtain a prioritization of the services that have been as-
signed to the six ecosystem services groups, and to reflect the importance of the 
services weights for final assessment of the performance of the model region in 
providing ecosystem services.
Aggregation procedure
In order to obtain an overall performance value for each alternative land cover 
class against each of the six ecosystem services groups, was used a linear additive 
value function to combine individual services. 
The steps necessary for producing an overall value per land cover class and 
ecosystem service group, were as follows. In step 1 and 2 were token the data that 
were collected though benefit transfer and-if necessary expert questioning about 
qualitative and semi-quantitative indicators. During step 3 they were standardized. 
During step 4, was attributed a weight to each of the selected services. In step 5 
were aggregated the standardized services values and weights to an overall value 
per land cover class with respect to each ecosystem services group. In step 6, prior 
to their application, a further standardization of the produced aggregated values 
was needed to have as final output value scores ranging from 0 to 100.
The results of this mixed-method approach were compared with outcomes 
from the exclusive use of expert-estimations. Finally, were compared the results 
of the three weighting exercises.
Data analysis 
The results of the different data gathering methods were compared to detect con-
vergences and divergences. This was done through application of Spearman’s rank 
correlation coefficient with SPSS version 17.0.
RESULTS AND DISCUSSION
Data gathering results
To assess different land cover types’ capacities to provide ecosystem services, a ma-
trix was created. On the y-axis of this matrix, the 16 CORINE land cover types are 
placed. On the x-axis, the 13 ecosystem services are placed. At the intersections (al-
together 208), different land cover types’ capacities to provide the individual service 
were assessed on a scale consisting of: 0 = no relevant contribution, and 100 = very 
high relevant contribution. The final, standardized values per land cover class and 
service obtained by the benefit transfer approach are also shown in table 2, while ta-
ble 3 displays the standardized values obtained from the expert opinion assessment.
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Table 2 and 3 show concentrations of high capacities to provide a broad range 
of ecosystem services for the different forest land cover types, moors and heath 
lands. Moreover, it reveals rather high capacities of many nature- near land cover 
types to support ecological integrity. The highly human-modified land cover types, 
industrial or commercial areas, and dump sites, have very low or no relevant ca-
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pacities to provide ecosystem services. Hence, a pattern emerges which matches 
well with the results one would assume.
The land cover class “non irrigated arable land” was estimated to perform less 
well by the benefit transfer method. Based on the chosen indicators, even indus-
trial and commercial units, ports etc. performs better.
A comparison of the methodologies was limited to services that could be quantified 
in the benefit transfer method. Of the services that could be compared, good to very 
good correlation between both assessment methods was found for all ecosystem ser-
vices except biodiversity by application of Kendall-Tau and Spearman-Rho (Table 4). 
For the service biodiversity, the difference of the final scores (mean values) obtained 
from our two methods amounted on average 36 points over all land cover classes 
(maximum 86 points), whereas average difference of all services was only 20 points.
Performance of the Lakes Prespa area towards ecosystem services groups
For aggregating the ecosystem services to the ecosystem service groups, were ap-
plied different weighting methods. The weights obtained from stakeholder weight-
ing are given in Table 5.
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Using the AHP software, a consistency factor is given as a measure for the logical 
rationality of responses. A factor of lower than or equal to 0.1 is considered satisfac-
tory (Saaty, 2005). Consistency of the ecosystem services groups aesthetic value, 
bio-resource provision and regional economy was perfect (0.0) since only two ser-
vices have been compared (only one decision). For the ecosystem service group’s 
contribution to ecological integrity, human health and wellbeing and mitigation of 
climate change impact mean inconsistency of weights was 0.276, 0.141, and 0.132, 
respectively. The mean standard deviations (SD) of services weights were 0.19 (eco-
logical integrity), 0.27 (aesthetic), 0.16 (human health and well-being), 0.15 (miti-
gation of climate change impact), 0.23 (bio-resource provision) and 0.24 (regional 
economy). SD of weighted services show that ambiguous judgments of services have 
been made mainly within the ecosystem services group’s aesthetic value and regional 
economy. In contrast, people have been more coherent comparing services used to 
assess human health and well-being and mitigation of climate change impact.
The results of the stakeholder based weighting using the Likert scale showed 
a slight prioritization for recreation and ecotourism(9) in comparison to aesthetic 
(10) within the ecosystem services group aesthetic value. Concerning human health 
and well-being, clean air provision (3) was prioritized. As to bio-resource-provision, 
food and fodder (1) was more important for the respondents than the provision of 
wood/timber (2). The variance of stated importance was highest for recreation/eco-
tourism (9) and aesthetic (10), followed by the economic services (12, 13), and local 
climate change mitigation (4).
The trends of the distribution of weights were similar for both weighting meth-
ods. Most notably was the preference of stakeholders towards recreation and eco-
tourism (9) compared to aesthetic (10) in the ecosystem service group aesthetic 
value, and the provision of food and fodder (1) in comparison to wood/timber (2) 
in the ecosystem service group bio-resource provision.
Table 6 shows that the impact of both weighting exercises on the assessment 
of the ecosystem service groups in the model region is negligibly small for the 
final result obtained from the two different data gathering methods. Therefore, we 
dropped the results of the weighting exercise from the subsequent analysis of the 
differences between the data gathering methods.
The scores for the ecosystem service group’s contribution to ecological integ-
rity, human health and well-being, and bio-resource provision differed consider-
ably. The benefit transfer method estimates them to be lower by 21, 15, and 25 
points, respectively.
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Considering the ecosystem service group contribution to ecological integrity, the 
study region performed with 26 (benefit transfer based) against 47 (expert-based) 
points. In contrast, mitigation of climate change impact scores 10 points better when 
the benefit transfer method is applied. Note however, that the data for the services 
recreation and ecotourism (9), aesthetic (10), and contribution to overall added value 
(13) could only be obtained from the assessment of expert-based assessment. 
CONCLUSION
The results of this study showed that the combination of selected services and land 
cover data can contribute to regional planning by communicating the effect of land 
cover change on ecosystem services groups.
A benefit from this study was the opportunity to integrate both, expert based 
opinion and literature values. It was demonstrated that the different data gathering 
methods “benefit transfer” and “expert-based assessment” have a considerable im-
pact on the evaluation outcomes. A problem revealed in this study is that different 
data gathering approaches lead to different appraisals of such areas. Based on our 
experiences, it is concluded that expert estimation might be the more appropriate 
approach to estimate the regional potential to provide ecosystem services though 
the representativeness of expert or stakeholder groups.
The framework presented in this paper is useful to better understand and quan-
tify the interactions between land-use/cover management and the provision of 
ecosystem services. It is worthwhile and meaningful to support regional planners 
and resource managers to come to a sustainable and adapted landscape composi-
tion, to detect undesirable patterns, and, finally, to estimate the impacts of land use 
policies. The framework is suited for a generic comparison of different regions 
based on easily accessible CLC data. It could be of considerable significance to 
encourage discussion among stakeholders and communication of possible effects 
of land cover changes. 
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